Magnetic Resonance Imaging was used to quantify the effects of 1. sedation and 2. general anaesthesia with a laryngeal mask airway (LMA) in place on the minimum antera-posterior (A-P) diameters of the naso-, oro-and hypopharynx and on the angle of the epiglottis relative to the adjacent posterior pharyngeal wall. Median saggital T1-weighted images of the pharynx were obtained in 46 patients (16 awake, 14 sedated, 16 under general anaesthesia). In sedated patients, the A-P diameters of the pharynx were less than in awake patients, in particular at the levels of the epiglottis and soft palate. General anaesthesia and placement of a LMA was also associated with a reduced A-P diameter at the level of the soft palate, but with increased diameters at the levels of the tongue and epiglottis. Placement of a LMA caused abnormal downfolding of the epiglottis in most cases but this did not cause clinically significant airway obstruction.
The concept that upper airway obstruction following induction of anaesthesia occurs because the tongue "falls back" on the posterior pharyngeal wall has recently been questioned. 1, 2 The effects of anaesthesia on the radiological profile of the larynx have been described. 2 The Guedel airway holds the tongue away from the posterior pharyngeal wall but commonly fails to relieve the clinical signs of obstruction. 3 The LMA offers an alternative means of airway maintenance in the anaesthetised patient. 4 This device forms a seal over the laryngeal inlet by means of an inflatable elliptical cuff. It is unclear whether down-folding of the epiglottis within the cuff causes partial airway obstruction. In this study, MRI is used to quantify the effects of 1. sedation and 2. general anaesthesia with a LMA in place on the minimum antero-posterior (A-P) diameters of the naso-, oro-and hypopharynx and on the angle between the long axis of the epiglottis and the adjacent posterior pharyngeal wall.
METHODS
With Institutional Ethical approval, and with written informed consent from each, 46 ASA I or II adult patients scheduled for magnetic resonance imaging (MRI) studies of the head or neck were studied. MRI was performed in 16 patients without anaesthesia, 14 with sedation and 16 in whom general anaesthesia was induced and an LMA placed. Patients considered too anxious to tolerate the procedure while awake were assessed by an anaesthetist and a decision made on the appropriate technique to be used (either sedation or general anaesthesia). Patients with symptoms or signs of obstructive sleep apnoea, upper airway pathology or gastro-oesophageal reflux were excluded from the study as were obese patients ( > 20% above ideal body weight as predicted by height).
Sedation was achieved by administering an oral premedicant (diazepam 10 mg or temazepam 20 mg) and by titrating increments of midazolam and/or propofol intravenously. The anaesthetist attempted to achieve anxiolysis without rendering the patient too drowsy to communicate verbally. Oxygen 6 lImin was administered by Hudson facemask, to which the sampling port of a capnometer was attached. General anaesthesia was induced using propofol (2-3 mg/kg), an LMA inserted and with the patient breathing spontaneously, anaesthesia maintained using 66% nitrous oxide in oxygen with halothane 0.5-10/0. The patient's head and neck were placed in approxi-mately the neutral positIOn. Median sagittal Tlweighted images of the pharynx were examined. In order to obtain a true mid-sagittal plane, midline facial structures were placed centrally using the laser lights of the magnetic resonance scanner. The image obtained was examined for the presence, in a single plane, of the fourth ventricle, the aqueduct and the anterior recesses of the third ventricle to confirm the mid-sagittal position. Cervical spine flexion or extension was assessed by measuring the angle between lines drawn through the posterior margins of the C2, C3 and C4 vertebral bodies. The minimum A-P diameters of the pharynx at the level of the soft palate, the dorsum of the tongue, and the epiglottis (Figures 1,2 , and 3) and the angle between the long axis of the epiglottis and the adjacent posterior pharyngeal wall were measured. No attempt was made to obtain images at a fixed point in the respiratory cycle. The data thus obtained were tabulated and summarised. The A-P diameters of the pharynx and the angle of the epiglottis relative to the posterior pharyngeal wall were compared between each pair of the three groups (awake, sedated and anaesthetised) using the two-tailed Student's t-test (P=0.05 was taken to be significant).
RESULTS
The awake, sedated and anaesthetised patients were similar in terms of age, sex and weight (Table 1) . No The posterior margins of the vertebral bodies of C2, C3 and C4 were co-linear (indicating a truly neutral position) in 36 patients. Cervical extension of 5 degrees was present in three patients, of 10 degrees in three patients and of 15 degrees in one patient. Cervical flexion of 5 degrees was demonstrated in three patients. An anatomical mid-sagittal plane was confirmed in 30 patients by demonstrating the fourth ventricle, aqueduct and the anterior recesses of the third ventricle on a single image. In all other patients, the pituitary gland, corpus callosum, part of the fourth ventricle and part of the optic chiasm as well as the brainstem and cervical cord were visualised indicating that the plane imaged was no more than 5 mm from the midline.
The mean angle of the long axis of the epiglottis relative to adjacent posterior pharyngeal wall was significantly greater in patients in whom an LMA had been placed (90.7 degrees, SD 32.6 degrees) than in either sedated (38.4 degrees, SD 9.3 degrees) or awake (39.3 degrees, SD 12.1 degrees) patients. The epiglottis was downfolded (angle > 90 degrees) in ten of the sixteen patients in whom an LMA had been placed.
Compared with awake patients, the minimum A-P diameters of the pharynx were significantly less in patients who received sedation. In sedated patients, the minimum pharyngeal diameters were less at the levels of the soft palate (mean 2.0 mm, SD 1.6 mm) and epiglottis (mean 3.6 mm, SD 3.2 mm) than at the level of the tongue (mean 7.0 mm, SD 3.3 mm). Compared with awake patients, the minimum A-P pharyngeal diameters were less at the level of the soft palate (mean 1.3 mm, SD 2.0 mm) and greater at the levels of the tongue (mean 15.7 mm, SD 6.9 mm) and epiglottis (mean 13.1 mm, SD 2.4 mm) in those under general anaesthesia with a LMA in place ( Table 2) .
Typical MRI images of the upper airway in an awake, a sedated, and an anaesthetised patient with an LMA in place are shown in Figures 1, 2 , and 3 respectively.
DISCUSSION
Reduction in upper airway patency following sedation titrated to produce anxiolysis occurs to a greater extent at the levels of the soft palate and epiglottis than at the level of the tongue. Nandi demonstrated radiographically that induction of general anaesthesia caused apparent airway occlusion at the level of the soft palate in 17 of 18 patients and the epiglottis in four of 18 patients, but in none at the level of the tongue. Also using conventional radiography, in ten patients following induction of anaesthesia and paralysis, Morikawa et al. 5 demonstrated apparent occlusion at the level of soft palate in five, and at the level of the tongue in three. Boidin 6 examined the upper airways in twenty anaesthetised spontaneously breathing patients using a flexible bronchoscope and concluded that the epiglottis and not the tongue was the main cause of obstruction. Ultrasound images obtained before and after induction of anaesthesia demonstrated only small and inconsistent changes in tongue position. 7 These studies suggest that upper airway obstruction occurring in sedated and anaesthetised patients is not due to the tongue "falling back" on the posterior pharyngeal wall.
Ultrasound and conventional radiography have been used to assess changes in the upper airway during general anaesthesia. 2 The patients in this study who received sedation or general anaesthesia did so because of anxiety or claustrophobia related to being placed in the MRI "tunnel". Thus MRI images were not obtained of these patients while awake. For this reason only inter-and not intra-patient comparisons were possible. Artefactual errors due to failure to obtain true mid-sagittal images were minimised by confirming that the planes examined all lay within 5 mm of the true midline.
The mechanisms by which the changes described occur are not known but may be similar to those resulting in obstructive sleep apnoea. It is likely that airway patency is normally maintained by a number of inter-dependent reflexes involving upper airway receptors, lung volume receptors and central chemoreceptors on the afferent side and the muscles of inspiration as well as upper airway muscles on the efferent side. Dysfunction or diminished function of the muscles normally responsible for inspiration may result in upper airway obstruction. During rapid-eyemovement sleep, the activity of the genioglossus is diminished, and coincidentally, the incidence of airway obstruction is increased. 9 The muscles of inspiration demonstrate varying sensitivity to the effects of halothane anaesthesia. 10 The dose-dependent reduction in muscle activity is greater in the genioglossus than in the external intercostals or the diaphragm. It is likely that neck strap muscles play a role in the maintenance of airway patency, particularly at the level of the epiglottis. After intravenous sedation with sodium thiopentone, the pattern of muscle activity in the strap muscles changes from tonic to phasic! I When upper airway reflexes are interrupted by application of topical anaesthesia, the frequency of airway obstruction during sleep is increased. 12 The diameter of the upper airway is influenced by the degrees of flexion of the cervical spine and atlantooccipital joint, and the point during the respiratory cycle at which it is measured. Atlanto-occipital extension has been shown to displace the larynx anteriorly i3 and to increase nasopharyngeal patency. 14 The minor deviations from the neutral position ( < 15 degrees) in this study are unlikely to significantly alter our findings. In awake patients, inspiration and expiration do not appear to alter the sagittal airway configuration. 2 In anaesthetised patients in whom airway patency is maintained using head extension with or without mandibular displacement, inspiratory efforts tend to cause pharyngeal collapse at the levels of the tongue and the epiglottis. 2 In the study described here, no attempt was made to obtain images at a particular point during the respiratory cycle.
The LMA is widely used as an alternative means of airway maintenance during spontaneous respiration or positive pressure ventilation in the anaesthetised patient. Brain's initial evaluation of this device suggested that a large epiglottis may be responsible for partial obstruction when the LMA is in place. 4 He subsequently suggested that the upper rim of the LMA should lie against the epiglottis if a patent airway is to be maintained. 15 In children, and especially in infants, the epiglottis is relatively large and floppy and may be more likely to cause partial or complete airway obstruction. Flexible laryngoscopy carried out in 24 children revealed that the epiglottis was down folded in eight. 16 None showed clinical evidence of airway obstruction. In another series, airway obstruction was detected clinically in only 2070 of cases, but partial airway obstruction was demonstrable fibreoptically in a further 17%. 17 The position of the LMA in children has been studied using magnetic resonance imaging. \8 The epiglottis was seen to be posterioriy deflected in most (80%) cases. Again, irrespective of the position of the epiglottis or the LMA, the airway was clinically judged to be adequate in each case. The data presented here indicates that following placement of the LMA in adults, downfolding of the epiglottis occurs commonly and that this does not produce clinically significant airway obstruction.
Intravenous sedation consistently reduces the minimum A-P diameter of the upper airway. The dose ranges for propofol and midazolam used in this study are similar to those commonly used in a wide range of endoscopic and radiological procedures. In sedated patients, a reduction in upper airway patency occurs to greater extent at the level of the soft palate and the epiglottis than at the level of the dorsum of the tongue. Placement of the LMA in anaesthetised patients maintains the airway by by-passing the nasopharyngeal obstruction and by increasing the minimum A-P diameter at the levels of the tongue and the epiglottis. Abnormal downfolding of the epiglottis occurs commonly but does not cause clinically significant airway obstruction.
